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© System for damping the heave of a floating structure. 

© A damper system (22a-22d) is disclosed which 
is adapted for damping the heave of a structure (10) 
floating above the seabed (16) and being subject to 
oscillatory heave in response to dynamic sea con- 
ditions. At least one long riser (20) has a top end 
(31) and a bottom end that extends from the seabed. 
A tensioner system (21) suspends the top end (31) 
of riser (20) from the floating structure (10) so as to 
allow relative up and down heave therebetween. The 
tensioner system (21 ) applies a tension T 0 to the top 
end (31) of the riser (20). Damper means (22a-22d) 
is operatively coupled to the tensioner system. The 
damper means varies the tension on top of the riser 
(20), thereby exerting damping forces on the floating 
structure. 
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SYSTEM FOR DAMPING THE HEAVE OF A FLOATING STRUCTURE 


The present invention relates generally to sys- 
tems for damping the heave of floating structures 
such as semi-submersible platforms for oil-and-gas 
drilling and production operations. 

Any structure which floats in the sea is effec- 
tively a spring mass system. It has a natural fre- 
quency and is subject to resonant oscillatory mo- 
tion in response to dynamic sea conditions. Reso- 
nant motion occurs when the structure's natural 
period of heave becomes substantially equal to the 
period of the wave which induces such heave in 
the structure. 

Applicant's U.S patent 4,850,744 describes a 
column-stabilized, semi-submersible platform used 
to carry out oil-and-gas drilling and/or production 
operations, hereinafter sometimes called a 
"platform". It uses at least one but usually a cluster 
of pipes called "production risers", each having a 
bottom end connected to a submerged well in the 
seabed, and a top end connected to a wellhead 
(called Christmas tree or surface tree) for control- 
ling production operations. 

The top end of each production riser is sup- 
ported under tension by a tensioner system having 
one or more (usually four) riser tensioners. A 
pneumatic-hydraulic tensioner system is the most 
commonly used. It is described, for example, in 
U.S. patents 4,733,991, 4,379,657 and 4,215,950. 

Such a tensioner system suspends the top end 
of the riser from the floating structure so as to 
allow relative up and down vertical motion or heave 
therebetween. To avoid damaging fatigue in the 
riser due to tension variations caused by wave 
action, the tensioner system is designed to main- 
tain a nearly constant tension in the riser regard- 
less of the wave action within the expected maxi- 
mum range. 

Various schemes have already been proposed 
for damping the heave of a floating structure. For 
example, Bergman's U.S. Pat. No. 4,167,147 de- 
scribes a variety of arrangements for producing 
forces that tend to dampen the cyclic heave of 
floating structures. 

In general, Bergman's embodiments require 
one or more of the following: ballast tanks, pumps, 
air reservoirs, valves, propellers, sheaves 213, hy- 
draulic cylinders 215, oil reservoirs 219, air com- 
pressors 221, etc. For many floating structures, 
such cumbersome machinery would not be prac- 
ticable. 

In FIG. 14 of Bergman's patent is shown a 
flexible cable whose lower end is anchored to a 
weight on the seabed, and whose upper end 
passes over a sheave supported by a hydraulic 
cylinder. An orifice restricts hydraulic fluid flow in 
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the pipe between an oil reservoir and the cylinder, 
Bergman's arrangement reduces the tension in the 
flexible cable when the structure heaves down, and 
increases the tension in the cable when the struc- 
5 ture heaves up. The corresponding damping forces 
which become exerted on the floating structure are 
proportional to the velocity of its heave. The damp- 
ing forces are in opposite directions to the struc- 
ture's heave. 

70 According to the present invention, the damper 

system dampens the heave of a structure floating 
above the seabed. At least one long riser has a 
bottom end tied to the seabed and a top end. A 
tensioner system suspends the riser's top end from 

;s the floating structure so as to allow relative up and 
down heave therebetween. The damper system is 
characterized in that the tensioner system applies a 
tension T Q to the top end of the riser. A damper 
means is operatively coupled to the tensioner sys- 

20 tern. The damper means increases the tension in 
the riser above T 0 , when the floating structure 
heaves up, thereby exerting a downward-acting 
damping force on the floating structure. When the 
floating structure heaves down, the tension in the 

25 riser returns to T Q . 

In another embodiment, the damper means 
also increases the tension in the riser above T 0 , 
when the floating structure heaves up, thereby ex- 
erting a downward-acting damping force on the 

30 floating structure. But when the floating structure 
heaves down, the damper means decreases the 
tension in the riser below T Q , thereby exerting an 
upward-acting damping force on the floating struc- 
ture. The generated up and down damping forces 

35 are preferably substantially constant, or they may 
be dependent on, or independent of, the velocity of 
the structure's heave. Tension T Q always has a 
value which is sufficiently large so that when the 
floating structure heaves down, the tension along 

40 the entire length of the riser will still be greater 
than the minimum tension required to protect the 
structural integrity of the riser under the expected 
most severe dynamic sea conditions. 

The damper means may include hydraulic cir- 

45 cuits. or linear brakes under the control of elec- 
tronic modules which monitor a parameter of the 
heave of the floating structure, such as the heave's 
direction, velocity, acceleration, etc. 

Specific embodiments of the invention will be 

so described by way of example only in connection 
with the accompanying drawings, wherein: 

FIG. 1 is a schematic side elevation view 
illustrating a known semi-submersible production 
platform on which the damper system of the 
present invention is mounted; 
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FIG. 2 is s schsmstjc side elevation viow , 
partly in section, of embodiments 22c, 22d of the 
present invention that use linear brakes for generat- 
ing the desired damping forces; 

FIGS. 3 and 3a are schematic side elevation 
views of embodiments 22a t 22b of the damper 
system in which a pneumatic-hydraulic circuit in- 
cludes flow control elements for generating the 
desired damping forces; 

FIG. 4 is a sectional view taken on line 4-4 of 

FIG. 2; 

FIGS. 5-6 are partly sectional views, respec- 
tively taken on lines 5-5 and 6-6 of FIG. 4; 

FIGS. 7-8 are partly sectional views, respec- 
tively taken on lines 7-7 and 8-3 of FIG. 6; 

FIG. 9 is a sectional view taken on line 9-9 of 

FIG. 5; 

FIG. 10 is a partly sectional view taken on 
line 10-10 of FIG. 9. showing embodiment 22c; 

FIG. 11 is a view similar to FIG. 10 but 
showing embodiment 22d; 

FIG. 12 is a partly sectional view taken on 
line 12-12 of FIG. 11; 

FIG. 13 is a graph depicting the variation in 
tension applied to the riser as a function of the 
tensioner system's strobe; and 

FIG. 14 depicts the tension regime of a 
damper means for different constant upward heave 
velocities. 

The production platform 10 (FIG. 1) is de- 
scribed in said applicant's U.S. patent No. 
4,850,744. Platform 10 is a column-stabilized, 
semi-submersible floating structure which is espe- 
cially useful for conducting hydrocarbon production 
operations in relatively deep waters over a seabed 
site 16 which contains submerged oil and/or gas 
producing wells 17. A wellhead tree 18 is coupled 
to an individual well 17 through a production riser 
20. 

Platform 10 has a fully-submersible lower hull 
11, and an above-water, upper hull 12 having a 
wellhead deck 13. Lower hull 11 together with large 
cross-section, hollow, buoyant stabilizing, vertical 
columns 14 support the entire weight of upper hull 
12 and its maximum deck load. 

In use, platform 10 is moored to seabed 16 by 
a spread catenary mooring system (not shown), 
which is primarily adapted to resist- large horizontal 
excursions of the platform. Platform 10 is designed 
to have a very low-heave response to the most 
severe wave and wind actions that are expected. 

Each individual riser 20 has its top end 31 
suspended from wellhead deck 13 by a riser ten- 
sioner system 21, which comprises at least one 
hydraulic cylinder 25 (FIGS. 2-3) that is pivotably 
coupled to wellhead deck 13 by a pivot 28. Cyl- 
inder 25 has a piston 26 and a piston rod 27 that is 
connected by a pivot 28 to a guide ring 30. A 


pneumaiic-hydrauiic reservoir 23 supplies pressur- 
ized hydraulic fluid through a pipe 24 to cylinder 
25. 

Ring 30 is secured to upper end 31 of riser 20 
s by a spherical anchor pivot 29. In use, there is no 
relative axial motion between top end 31 of riser 

20. wellhead 18. and guide ring 30. 

Typically, tensioner system 21 (FIG. 1) has two 
pairs of hydraulic cylinders 25 located on 
70 diametrically-opposite sides of guide ring 30. Each 
pair operates at identical fluid pressures to prevent 
uneven tension to develop in the riser. 

When platform 10 cyclically heaves up and 
down in response to wave action, hydraulic fluid is 
75 alternately pushed through pipe 24 in and out of 
cylinder 25, and out of and into reservoir 23. 

Due to its large volume, the air pressure above 
the hydraulic fluid in reservoir 23 remains nearly 
constant, which allows cylinder 25 to continually 
20 support the weight of riser 20 and its wellhead tree 
18. 

Piston 26 reciprocates in cylinder 25 within a 
fixed stroke range calculated to compensate for the 
maximum expected heave of platform 10, i.e., the 

25 maximum up and down heave of platform 10 rela- 
tive to guide ring 30. For any position of piston 26, 
piston-rod 27 will apply to riser 20 through ring 30 
a continuous, predetermined, substantially-con- 
stant, upward-acting force F (FIG. 3), which induces 

30 a positive tension on top of riser 20. regardless of 
the heave and heave velocity of piston-rod 27. The 
tension is selected to protect riser 20 from fatigue 
and buckling. The description so far is that of a 
conventional tensioner system 21 . 

35 To facilitate the understanding of the present 

invention and to avoid repetitive description, the 
same numerals will be used, whenever possible, to 
designate the same parts as in tensioner system 

21 . Similar parts may be designated with the same 
40 reference characters followed by a tetter or prime 

( ) to indicate similarity of construction and/or func- 
tion. 

The damper system in accordance with the 
present invention will be illustrated in four embodi- 
45 ments 22a-22d, which distinguish from each other 
in their ability to produce the desired damping 
forces and their effects on platform 10. 


so First Embodiment 22a 

Embodiment 22a (FIG. 3) comprises a ten- 
sioner system 21 and a damper means 32, such as 
a throttling orifice 32A, within first pipe 24. Ten- 
55 sioner system 21 is adjusted to exert an initial 
tension T Q on top end 31 of riser 20. 

When platform 10 heaves up. piston 26 strokes 
out, thereby pushing hydraulic fluid out of cylinder 
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25 and into reservoir 23 through pipe 24, wherein it 
is throttled by orifice 32A. 

Accordingly, orifice 32A will increase the ten- 
sion on top end 31 of riser 20 above T 0 when 
platform 10 heaves up, which generates a 
downward-acting damping force thereof. Orifice 
32A will decrease the tension on top end 31 of 
riser 20 below T Q when platform 10 heaves down, 
which generates and applies an upward-acting 
damping force thereon. 

Tension T 0 has a value which is sufficiently 
large so that when platform 10 heaves down, the 
reduced tension along the entire length of riser 20 
will still be greater than the minimum tension re- 
quired to protect the structural integrity of the riser 
under the expected most severe dynamic sea con- 
ditions. 

A one-way-acting check valve 33 is provided in 
a second pipe 34, and a normally-closed control 
valve 35 in a third pipe 36. The flow in the second 
and third pipes 34, 36 is in parallel with the flow in 
first pipe 24. 

As before, when platform 10 heaves up, piston 
rod 27 strokes out, and check valve 33 is closed, 
thereby pushing the hydraulic fluid out of cylinder 
25 through orifice 32A and into reservoir 23, which 
raises the tension in top end 31 of riser 20 above 
T Q and generates and applies a downward-acting 
damping force on platform 10. 

But now, when platform 10 heaves down, pis- 
ton rod 27 retracts. Unrestricted hydraulic fluid 
flows from reservoir 23 to cylinder 25 through open 
check valve 33^ which by-passes orifice 32A. Ac- 
cordingly, the tension on top of riser 20 drops to T 0 
and no upward-acting damping force will be ex- 
erted on platform 10. 

Orifice 32A can be designed to increase ten- 
sion T 0 on top end 31 of riser 20 by an amount 
which is proportional to the velocity of the upward 
heave of platform 10. This increased amount in 
tension above T Q is such that the total tension will 
not exceed the safe axial tension strength of riser 
20. 

Control valve 35 can selectively deactivate ori- 
fice 32A together with check valve 33, when no 
damping force is desired. When normally-closed 
valve 35 is opened, unrestricted fluid will flow 
therethrough, and no hydraulic fluid will flow 
through first and second pipes 24 and 34, thereby 
maintaining the same tension T Q regardless of the 
platform's heave cycle. 

Valve 35 can remain open most of the time. It 
is closed only when a storm is anticipated, as a 
precautionary measure. When valve 35 is closed, 
the heave of platform 10 will be dampened and it 
will be protected against the possibility that wave 
energy will approach the platform's resonant period 


Second Embodiment 22b 

Embodiment 22b (FIG. 3a) differs from em- 
bodiment 22a primarily in that a hydraulic motor 

s 32B replaces throttling orifice 32A. 

When check valve 33 is closed and platform 10 
heaves up, piston rod 27 strokes put, thereby push- 
ing the hydraulic fluid out of cylinder 25 and into 
reservoir 23 through hydraulic motor 32B, which 

w will raise the tension in top end 31 of riser 20 
above T 0 , thereby generating and applying a 
downward-acting damping force on platform 10. 

Conversely, when platform 10 heaves down, 
piston rod 27 retracts and check valve 33 opens to 

/5 permit unrestricted hydraulic fluid flow from reser- 
voir 23 to cylinder 25 through the check valve, 
which by-passes motor 32B, thereby reducing the 
tension on top end of riser 20 to T Q . 

20 

Third Embodiment 22c 

In embodiment 22c, at least one but preferably 
four vertical rails 40 (FIGS. 2, 8) are secured to the 
25 solid frame of platform 10. Each rail 40 preferably 
is l-shaped in section and has a web 41 and inner 
and outer flanges 42, 43, respectively. Carriages 46 
are secured to and extend radially outwardly from 
guide ring 30. Each carnage has sets of guide 
30 wheels 43 which ride over web 41 of rail 40. 

A fiat bar or fin 44 (FIGS. 8-9) of suitable metal 
has polished opposite surfaces and is welded to 
inner flange 42 of rail 40. 

Rails 40 (FIGS. 4-5) are movable with produc- 
35 tion platform 10 relative to carnages 46, ; which 
restrict the tendency of guide ring 30 to rotate 
and/or to displace laterally. 

Guide ring 30 (FIGS. 9-12) carries a linear 
array of brakes generally designated as 50, which 
40 are designed to impede the vertical displacements 
of rails 40 relative to top end 31 of riser 20. 

Brakes 50 can be linear friction brakes 51 
(FIGS. 9-10), such as mechanical caliper brakes, 
which are adapted to bear against the opposite 
45 polished surfaces of fins 44. 

Linear brakes 51 are operated by hydraulic 
power means (not shown) under the control of a 
conventional control module 52 (FIG. 3). Module 52 
includes and is responsive to sensors, including 
so motion and load sensors, for the purpose of con- 
trolling the braking action of caliper brakes 51. 
Such control modules and sensors are well known. 

Brakes 51 may be applied against fins 44 only 
when platform 10 heaves up, thereby slowing down 
55 by friction the upward motion of platform 10. 
Brakes 51 are deactivated when platform 10 
heaves-down. On the other hand, brakes 51 may 
be activated to vary tension T Q on top of riser 20 
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both when platform iq heaves up and when it 
heaves down. 

In embodiment 22c, caliper brakes 51 develop 
frictional damping forces in accordance with the 
platform's heave relative to top end 31 of riser 20. 
These ■ frictional damping forces may be kept, 
through control of the brake force, substantially 
constant, or they may be varied in dependence on 
a sensed motion parameter, such as the heave 
velocity of platform 10. 

The damping forces can be any forces that 
tend to dissipate the floating structure's resonant 
heave energy, and they can be related to the 
velocity of the structure's heave. However, for a 
given maximum allowable tension variation from T 0 , 
the most efficient damping forces are substantially 
constant and independent of the structure's heave 
velocity. 


Fourth Embodiment 22d 

In embodiment 22d (FIGS. 11-12), the array of 
brakes 50 are linear eddy current brakes 60, which 
are comprised of a long, fiat conductive armature 
51 that is fastened to the outer face of inner flange 
42 of rail 40. A multiple-winding iron core 62 has 
an array of eddy current coils 63 and serves as the 
pole piece which rides vertically up and down on 
armature 61. As such, brakes 60 depend on a 
change of magnetic flux, and they develop damp- 
ing forces that are dependent on the velocity of the 
platform's heave. 

Brakes 60 are operated by current means (not 
shown) under the control of module 52 (FIG. 3). 
Brakes 60 may be applied only when platform 10 
heaves up, thereby slowing down electro-mag- 
neticaliy the upward motion of rails 40, and produc- 
ing only downward-acting damping forces on plat- 
form 10. Brakes 60 are deactivated when platform 
10 heaves-down. 

Brakes 60 may be also applied when platform 
10 heaves up and down, thereby slowing down 
electro-magnetically the upward and downward 
heave of rails 40, and producing downward-acting 
and upward-acting damping forces on platform 10. 

FiG. 13 shows the variation in tension applied 
to top end 31 of riser 20 as a function of the stroke 
of piston 26 of conventional-tensioner system 21 
(FIGS. 1, 3) using a reservoir 23 of finite volume. 
The stroke units on the X-axis are in feet, and the 
tension units on the Y-axis are in kips. The change 
in tension in top end 31 of riser 20. measured over 
the stroke range of cylinder 25, is created by the 
expansion and compression of the pressurized gas 
in reservoir 23, and is physically equivalent to a 
mechanical spring. Hence the change in tension 
created by the expansion and compression of the 


platform 10. 

FIG. 14 shows the tension regime of a damper 
system 22a-22d, that is activated only when plat- 
s form 10 heaves up, and for different constant 
heave velocities V 0t Vi and VV 


Theoretical Considerations 

;o " 

Floating structure 10 is designed so as to ex- 
perience a low resultant vertical force or heave 
response to all waves with substantial energy and 
to have a natural heave period T nt which is greater 

;s than the longest period of the wave with substantial 
energy in the surrounding waters. 

However, because determination of the worst 
expected seas is based on historical records and 
statistics, a certain degree of uncertainty can be 

20 expected. Therefore, designers are always faced 
with a remote but real probability that the period of 
the longest expected wave may be exceeded dur- 
ing the expected operating life of the floating struc- 
ture. 

25 The platform's heave is a particularly serious 

problem for rigid risers 20 which are suspended by 
tensioners 21 (FIGS. 1-2) whose hydraulic cylin- 
ders 25 have a fixed stroke range. The tension 
generated by a hydraulic-pneumatic, tensioner 21 

30 (assumed to be frictionless) can be expressed as: 
T(S, ds/dt) = T Q + T (1) 
T = kS + c (ds/dt) - (2) 
where: 

T(S, ds/dt) = tension versus stroke and stroke 
35 velocity 

ds/dt = stroke velocity 

c (ds/dt) = damping force component of change in 
tension 

S = stroke of the piston in cylinder 
40 kS = stiffness force component of change in ten- 
sion 

T = change in tension 

k = spring constant of tensioner system 

c = damping coefficient of tensioner system 

45 T 0 = as previously defined 

In tensioner system 21. the mechanical ar- 
rangement including piping is purposely designed 
and sized to provide an unrestricted flow of fluid 
between cylinder 25 and reservoir 23, thereby re- 

50 ducing to zero the conponent of change in tension 
[c (ds/dt)] in riser 20. 

The magnitude of the variation in tension due 
to stroke (i.e. stiffness component kS) depends on 
the volume of reservoir 23. For a reservoir 23 of 

55 infinite volume, kS would be zero. The volume of 
reservoir 23 is usually selected to keep the change 
in tension due to stiffness kS within ±(5-15%) of 
tension T 0 . 
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The component of change in tension kS is 
physically related to the compression-expansion of 
the gas in reservoir 23, as hydraulic fluid is pushed 
out of and into cylinder 25 and into and out of 
reservoir 23. The compression-expansion of the 
gas is physically equivalent to a mechanical spring 
and therefore does not generate any damping 
force. 

With proper design of hydraulic motor 32B, of 
orifice 32A, or of the linear eddy current brakes 60, 
the generated damping force will vary tension T Q in 
top end 31 of riser 20 by a value [c (ds/dt)] which 
depends on the heave velocity of platform 10. 

This invention is not limited to the use of 
production risers 20. Pipes which do not carry 
hydrocarbons are sometimes called "dummy" ris- 
ers. A dummy riser can also be used for damping 
purposes and as such would have its lower end 
directly anchored to seabed 16 instead of to a well 
17. For purposes of this invention and in the 
claims, a production riser is considered the equiv- 
alent of a dummy riser. 

The damping forces generated by damper sys- 
tems 22a-22d may be substantially constant, or 
dependent on, or independent of the velocity of the 
platform's upward heave only, or of its upward-and- 
downward heave. 

The preferred damper system varies tension T Q 
only prior to expected rough seas, which rarely 
occur. In this manner, the allowed tension vari- 
ations will have a negligible effect on the useful 
fatigue life of risers 20. 

Claims 

1. A damper system (22a-22d) for damping the 
heave of a structure (10) floating above the seabed 
(16) and being subject to oscillatory heave in re- 
sponse to dynamic sea conditions, said structure 
comprises at least one long riser (20) having a top 
end (31) and a bottom end extending from said 
seabed, and a tensioner system (21) for suspend- 
ing said top end from said floating structure so as 
to allow relative up and down heave therebetween, 
characterized in that 

said tensioner system (21) applies a tension T Q to 
said top end (31) of said riser (20); damper means 
(32, 32B, 50, 60) are operatively coupled to said 
tensioner system, said damper means increase the 
tension in said riser (20) above T 0 when said struc- 
ture heaves up, thereby exerting only a downward- 
acting damping force on said floating structure. 

2. A damper system (22a-22d) for damping the 
heave of a structure (10) floating above the seabed 
(16) and being subject to oscillatory heave in re- 
sponse to dynamic sea conditions, comprising at 
least one long riser (20) having a top end (31) and 
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a bottom end extending from said seabed and a 
top end (31), a tensioner system (21) for suspend- 
ing said top end from said floating structure so as 
to allow relative up and down heave therebetween, 

5 characterized in that 

said tensioner system (21) applies a tension T 0 to 
said top end (31) of said riser (20), damper means 
(32, 32B, 50, 60) are operatively coupled to said 
tensioner system, said damper means increase the 

70 tension on said riser above T Q when said structure 
(10) heaves up, thereby exerting a downward-act- 
ing damping force on said floating structure, and 
said damper means decrease the tension on said 
riser below T Q when said structure heaves down, 

75 thereby exerting an upward-acting damping force 
on said floating structure, and said tension T Q is 
sufficiently large so that the tension on top of said 
riser is always greater than the minimum tension 
required to ensure said riser's structural integrity 

20 when the tension on said riser drops below T Ql and 
said damping forces are substantially independent 
of the velocity of the heave of said structure (10). 

3. A damping system (22a-22d) according to 
claims 1 and 2, characterized in that said structure 

25 (10) is a hydrocarbon production platform, said 
riser (20) is a production riser having a bottom end 
connected to a submerged well in said seabed 
(16), and a wellhead is coupled to said top end (31) 
of said riser. 

30 4. A damping system (22a-22d) according to 

claim 1, 2. 3, characterized in that said damper 
means include brakes (50), coupled between said 
tensioning system (21) and said structure (10). and 
said brakes being adapted to develop said damp- 

35 ing forces between said platform and said ten- 
sioning system. 

5. A damping system (22a-22d) according to 
claim 4, characterized in that said damping forces 
are frictional forces. 

40 6. A damping system (22a-22d) according to 

claim 4, characterized in than said damping forces 
are frictional forces which are independent of the 
velocity of said platform's upward heave. 

7. A damping system (22a-22d) according to 
45 claim 4, characterized in that said damping forces 

are frictional forces which are independent of the 
velocity of said platform's heave. 

8. A damping system (22a-22d) according to 
claim 4, characterized in that said damping forces 

so are frictional forces which are dependent on the 
velocity of said platform's upward heave. 

9. A damping system (22a-22d) according to 
claim 4, characterized in that said damping forces 
are frictional forces which are dependent on the 

55 velocity of said platform's heave. 

1 0. A damping system (22a-22d) according to 
claim 2 and 3, characterized in that said damper 
means include hydraulic means (32A, 32B, 33) 
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11. A damping system (22a-22d) according to 
claim 1, characterized in that said tensioning sys- 
tem (21) include at least one hydraulic cylinder (25) 

and a pneumatic-hydraulic source (23) for sup- s 
plying pressurized fluid to said cylinder (25); and 
said damper means include hydraulic means (32A, 
32B, 33). coupled to said cylinder, adapted to 
develop said damping forces which are dependent 
on the velocity of said platform's upward heave. w 

12. A damping system (22a-22d) according to 
claim 3. characterized in that said tensioning sys- 
tem (21 ) include at least one hydraulic cylinder (25) 
and a pneumatic-hydraulic source (23) for sup- 
plying pressurized fluid to said cylinder; and said 75 
damper means include hydraulic means (32A, 32B, 

33) adapted to develop said damping forces which 
are dependent of the velocity of said platform's 
heave. 

13. A damping system (22a-22d) according to 20 
claim 1 and 3 characterized in that said damper 
means include hydraulic means (32A, 32B, 33) 
adapted to develop said damping forces which are 
independent of the velocity of said platform's up- 
ward heave. 25 

14. A damping system (22a-22d) according to 
claim 4 t characterized in that 

said brakes are linear, hydraulically-activated 
brakes (51 ), and said damping forces are substan- 
tially constant. 30 
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© A damper system (22a-22d) is disclosed which 
is adapted for damping the heave of a structure (10) 
floating above the seabed (16) and being subject to 
oscillatory heave in response to dynamic sea con- 
ditions. At least one long riser (20) has a top end 
(31) and a bottom end that extends from the seabed. 
A tensioner system (21) suspends the top end (31) 
of riser (20) from the floating structure (10) so as to 
allow relative up and down heave therebetween. The 
tensioner system (21) applies a tension T 0 to the top 
end (31) of the riser (20). Damper means (22a-22d) 
is operativefy coupled to the tensioner system. The 
damper means varies the tension on top of the riser 
(20), thereby exerting damping forces on the floating 
structure. 
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